In this research, near-infrared (NIR) spectroscopy in combination with moving window partial least squares-discrimination analysis (MWPLS-DA) was utilized to discriminate the variety of turmeric based on DNA markers, which correlated to the quantity of curcuminoid. Curcuminoid was used as a marker compound in variety identification due to the most pharmacological properties of turmeric possessed from it. MWPLS-DA optimized informative NIR spectral regions for the fitting and prediction to {-1/1}-coded turmeric varieties, indicating variables in the development of latent variables in discrimination analysis. Consequently, MWPLS-DA benefited in the selection of combined informative NIR spectral regions of 1100 -1260, 1300 -1500 and 1880 -2500 nm for classification modeling of turmeric variety with 148 calibration samples, and yielded the results better than that obtained from a partial least squares-discrimination analysis (PLS-DA) model built by using the whole NIR spectral region. An effective and rapid strategy of using NIR in combination with MWPLS-DA provided the best variety identification results of 100% in both specificity and total accuracy for 48 test samples.
Introduction
Herbs and herbal medicines are generally safe and effective against certain diseases. Generally, they are extensively used in Asian, African and other countries. Nowadays, they are gradually increasing the demand of consumption in Europe, America and other developed countries.
1 Turmeric (Curcuma longa L.) is a well-known traditional herb that is considered to be useful as medicament for various diseases. The expression of it possess antioxidant and anti-inflammatory, [2] [3] [4] and can reduce cholesterol and glucose in blood, 5, 6 as well as betaamyloid formation. 7 The most pharmacological properties of turmeric possessed from curcuminoid, which consists of three different compounds of curcumin, demethoxycurcumin and bisdemethoxycurcumin. 8 Turmeric can grow very well in South and South East Asia, especially in India, China, Indonesia, and Thailand. In Thailand, turmeric is widely cultivated throughout the country. Therefore, various varieties of turmeric were found from different geographical areas, in which only a specific variety can contribute in the largest quantity of curcuminoid. If untested turmeric is employed as medicines, it can have no effects on treatment. This may lead to the mistreating or overuse of herbal medicines. With this global interest in herbs, there are concerns about the specification and efficacy of herbs. Due to the complex variety of herbs, in order to ensure the quality of clinical treatment, DNA methods have been proved to be effective for the variety identification of herbs. [9] [10] [11] Nevertheless, such methods extensively require chemical reagents and analysis time. Subsequently, near-infrared (NIR) spectroscopy is a very promising technique, and has been verified to be rapid identification and quantification techniques, for various herbs and herbal medicines. [12] [13] [14] [15] [16] In our previous studies of turmeric by NIR spectroscopy, we evolved the applicability of NIR to the quantitative analysis of curcuminoid in turmeric rhizomes and curcumin in turmeric herbal medicines, respectively. 17, 18 The best partial least squares (PLS) calibration model for curcuminoid was developed from the second-derivative NIR spectra in the region of 2040 -2486 nm, founded by a wavelength-selection method, named moving window partial least squares (MWPLS). It provided the lowest standard error in the prediction (SEP) of 1.00% (w/w) and the highest ratio of the prediction to deviation (RPD) of 4.9.
17
The latest study reported on the high predictive NIR model for curcumin obtained once apply of turmeric herbal medicine powder in commercial herbal medicines. 18 Studies of quantitative analysis of curcuminoid in turmeric by NIR spectroscopy were also reported by Tanaka et al. 19 and Kim et al. 20 However, the NIR technique has not been previously reported for the classification of turmeric variety. Therefore, we expanded our study with the aim to investigate the NIR performance concerning the classification of turmeric variety based on the genotype related curcuminoid. Due to the key of different relating on the molecular marker of turmeric, an intensive chemometrics, called moving window partial least squares-discrimination analysis (MWPLS-DA), is considered to be combined with NIR spectroscopy. This approach can be utilized for the accurate classification of turmeric variety in comparison with the partial least squares-discrimination analysis (PLS-DA).
Algorithm
In general, the partial least aquares-discrimination analysis (PLS-DA) method is an alternative method for principlecomponent analysis (PCA) in discrimination analysis. It optimizes the fitting and prediction to {-1/1}-coded membershipindicating variables in the development of latent variables. 21, 22 The classifying performance of PLS-DA is improved by means of MWPLS-DA, which employs the algorithm of moving window partial least aquares regression (MWPLSR) to select the discriminating region from the whole region.
Moving window partial least squares-discrimination analysis (MWPLS-DA)
MWPLSR is a wavelength interval selection method for multicomponent spectra analysis. Briefly, MWPLSR builds a series of PLS models in a window that moves over the whole spectral region, and then locates useful spectral intervals in terms of the least complexity of the PLS models reaching a desired error level. 23 MWPLSR provides a viable approach to eliminate any extra variability generated by non-compositionrelated factors, such as perturbations in the experimental conditions and the physical properties of samples. It has been proved concerning the ability of informative spectral selection in the regression developments by our studies and others. 17, [24] [25] [26] As for MWPLS-DA, 27 an algorithm of MWPLSR was employed in the calculation procedure prior the development of the PLS model for classification. A schematic diagram of the calculation procedure is given in Fig. 1 . Figure 1 clarifies the MWPLS-DA algorithm: a spectral window that starts at the ith spectral channel and ends at the (i+h-1)th spectral channel is constructed. The spectra obtained in the spectral window is a submatrix Xi(N × H) containing the ith to the (i+h-1)th columns of the calibration matrix X. The PLS models with different numbers of latent variables (LVs) can then be built to relate the spectra in the window to the "y" as coded membership, i.e. -1/1 or 0/1 for two groups as follows:
Here, bi,k (H × 1 vector) is the regression coefficients vector, estimated using PLS with the k PLS components, and ei,k is the residue vector obtained with the k PLS components. The window is moved over the whole spectral region. At each position, PLS models with varying PLS component number are built for the calibration samples, and the sums of the squared residues (SSR) are calculated with these PLS models and plotted as a function of the position of the window. This will yield a number of residue lines, each line associated with the SSR for a certain model dimensionality in the corresponding window position.
The residual line provides information about discriminating regions, where residual lines show low values of SSR.
Experimental

Samples
Totally, one hundred and ninety-six (n = 196) rhizomes of turmeric samples were supplied by the department of agronomy, faculty of agriculture, Kasetsart University, Thailand, and were employed in this study. Their origins came from different locations throughout Thailand. They were prepared by cutting, drying at 50 C in a hot air oven for 48 h, and grinding into powder by passing through an 18-mesh sieve by a Cyclotec grinder, Model 1093 (Foss, Hillerød, Denmark).
NIR spectral acquisition
The NIR spectra of turmeric powder samples were collected in the region of 1100 -2500 nm by using an IA500 NIR reflectance spectrometer equipped with a PbS detector (BRAN+LUEBBE, Norderstedt, Germany). A sample cup for powder was used throughout the NIR experiment. Every sample was scanned in duplicate, and the averaged NIR spectral data were used for data analysis.
Reference analysis
In order to identify a variety of turmeric samples, the DNA fingerprint technique was employed in this study. DNA extraction was performed according to the method of cetyltrimethylammonium bromide (CTAB) following the procedures of Doyle and Doyle. 28 Then, the microsatellite marker was used as follows. The polymerase chain reaction (PCR) was conducted for each microsatellite amplification in a reaction volume of 10 μL containing 1× PCR buffer (10 mM of Tris-HCl at pH 8.8, 50 mM of KCl, 0.08% of Nonidet P40), 0.2 mM dNTPs mix, 0.25 μM of each SSR primer, 2.0 mM of MgCl2, 0.3 U of Taq DNA polymerase (Fermentas, Canada) and 50 ng template DNA. Amplification was performed in a programmed way for an initial denaturation at 94 C for 3 min, 35 cycles of denaturation at 94 C for 30 s, primer annealing temperature for 30 s, extension at 72 C for 1 min and final extension at 72 C for 7 min. PCR products were resolved in 4.5% polyacrylamide gel. The microsatellite profiles were stained by a silver-staining procedure, described by Caetano-Anolles et al. 29 The amplified microsatellite products were scored as present (1) or absent (0) for each primer. Data were generated using an unweighted pair group method base on an arithmetic means (UPGMA) algorithm based dendogram, which was obtained from binary data concluded from the DNA profiles of the analyzed samples.
Data analysis
The NIR spectral data were collected with Sesame software (Ver. 3.1: BRAN+LUEBBE, Norderstedt, Germany), and converted original files into JCAMP files for the Unscrambler software (Ver. 9.8: CAMO AS, Trondheim, Norway). All of the spectral processing of mean centering, a second-derivative algorithm (7-point Savitsky-Golay filter), classification modeling for PLS-DA and MWPLS-DA, were carried out using the Unscrambler software. The MWPLS-DA calculations with a window size of 25 spectral channels, a maximum 14-principle component and mean centering were performed by in-house written programs in the MATLAB software (The MathWorks Inc., Natick, MA).
According to the reference result of DNA analysis, the turmeric samples can be divided into two varieties between "A" and "B". The 196 NIR spectra of all turmeric samples were divided randomly into two sets; one was a calibration set containing 148 spectra (74 samples for each turmeric variety) and the other was a prediction set with 48 spectra (24 samples for each turmeric variety). The classification methods of PLS-DA and MWPLS-DA were applied to construct the classification models. For PLS-DA and MWPLS-DA calculations, the coding membership was assigned as "-1" and "1" to the NIR spectra of the A variety and B variety turmeric samples, respectively. Samples with the predicted result being higher than "0" would be identified as membership of the B variety, whereas membership of the A variety included those with the predicted results of "0" and lower values. The performance of NIR spectroscopy in combination with these classification methods in identifying the turmeric variety was investigated by comparisons of the correct identification results of all samples in a prediction set. Figure 2 illustrates a total of two distinct groups (A and B) of turmeric samples consisting of 8 accessions. This dendogram inferred by analysis results of microsatellite DNA fingerprint, in which it clustered at less than 27% similarity co-efficient. The result of the DNA fingerprint revealed that the genotypes that are derivatives of genetically similar type clustered as the same variety; the A variety is 13, 54, 57, 110 and the B variety is 1, 39, 62, 75. These two turmeric varieties contain different genetic information as well as major ingredients. As we found in our previous study, that they are different in curcuminoid content, in which it is the most important pharmacological active ingredient in turmetic. The curcuminoid content of the B variety was higher than that of the A variety. 17 Figure 3 shows the averaged original (a) and the secondderivative (b) NIR spectra of two varieties of turmeric samples in the range of 1100 -2500 nm. Two averaged original NIR spectra of turmeric samples for the A variety (short dash line) and the B variety (solid line) show relatively similar spectral features in the same region ( Fig. 3(a) ). We can observe only that the baseline of one mean original NIR spectrum of the B variety shifted higher than a spectrum of the A variety from the region of 1300 -2500 nm. In order to enhance any differences in the spectral features as well as to decrease the base-line variations, two mean second-derivative NIR spectra of turmeric samples for the A variety (short dash line) and the B variety (solid line) are examined in Fig. 3(b) . The major differences are observed significantly at around 1450, 1690 and 2140 nm. These bands can be assigned to the first overtone of the O-H stretching mode, the first overtone of the C-H stretching mode and the combination bands of the curcuminoid benzene ring substituent, respectively. 17, 19 It is noted that NIR spectroscopy may not be able to obtain direct information of DNA because DNA may carry out low-frequency collective motion, which can only be observed by Raman spectroscopy. 30 However, the DNA is a nucleic acid containing genetic instruction of living beings. One piece of genetic information that can be used to identify the variety of turmeric may corresponded to the production of curcuminoid, in which the bands due to curcuminoid information at 1450, 1690 and 2140 nm clearly show the differences (Fig. 3(b) ). These most significant differences are noticed for the B variety of turmeric samples, while no band at 1450 nm is founded and the signal of other two bands is diminished for the A variety of turmeric samples. In general, the whole NIR spectral region is employed when the classification calculation is performed, i.e. the PLS-DA method in this study. Nevertheless, the variety identification of turmeric by mean of DNA fingerprinting may rely on the specific NIR regions due to curcuminoid as well as other genetic components. Therefore, the MWPLS-DA was utilized to search for informative regions in the whole NIR spectra of turmeric samples, and then, employed in the development of a classification model for turmeric varieties. Figure 4 shows the residue lines for the classification of turmeric variety obtained by MWPLS-DA for the secondderivative NIR data in the spectral region of 1100 -500 nm. This figure reveals four informative spectral regions with a relatively low error level for variety classification of turmeric samples. The obtained four informative spectral regions and their lowest values of error (log(SSR)) are listed in Table 1 . The lowest error level of 0.48 was achieved in the spectral range of 1300 -1500 nm (spectral region of II), where dominated from the first overtone of the O-H stretching modes of curcuminoids. 17, 19 The other three informative spectral regions of IV, I and III yielded the lowest error values of 0.50, 0.60 and 0.65, respectively. Subsequently, the discriminant regression was applied to the single and combined informative spectral regions discovered by MWPLS-DA for identification of turmeric variety. Table 2 gives the comparison results for the classification of turmeric varieties in samples of prediction set obtained between PLS-DA and MWPLS-DA. All spectral data were pretreated by a second-derivative algorithm and employed for all calculations of these DA methods. It can be seen from the table that the best result obtained from a classification model built by the combination of I, II and IV spectral regions selected with MWPLS-DA. This model generated the highest specificity in the classification of 1.00 for both A and B varieties of turmeric, and a percentage total accuracy (%TA) of 100 for all predicted samples. A plot of the classification results of a prediction set identified by the best model calculating with MWPLS-DA is shown in Fig. 5 . The informative regions of I, II and IV obtained by MWPLS-DA involves the second and first overtones of O-H, and the combination bands of substitution on the benzene ring of curcuminoid, respectively. 19 When the model was established by PLS-DA using the whole NIR spectra of turmeric and those MWPLS-DA calculated by using a single and other combinations including an informative region of III, those models yielded lower specificity of B variety and %TA. Because the band due to carbohydrate was found around the region of III (1512 -1860 nm). 31 Carbohydrate is major component in turmeric rhizome 32, 33 and its content depends mainly on the cultivation and harvest stages of turmeric, 33 not genetic. Therefore, information concerning carbohydrate in turmeric largely dominated over the NIR spectral region of III more than that of the first overtone of the C-H stretching mode for curcuminoid found at 1690 nm. The NIR spectral region of III was not related to the turmeric variety based on the DNA fingerprint involving curcuminoid, so, the classification model for the turmeric variety was suggested to exclude this region.
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Conclusions
The efficiency of NIR spectroscopy in combination with MWPLS-DA was evaluated and proved in the present study for variety classification of turmeric between high (variety of B) and low (variety of A) pharmacological properties associated with curcuminoid and DNA profiles. By selecting the informative region for the fitting and predicting to codedmembership, MWPLS-DA can be signified by wavelength variables in the development of the precise discrimination model. MWPLS-DA employed a suitable second-derivative NIR spectral regions of 1100 -1260, 1300 -1500 and 1880 -2500 nm for the classification calculation of a wide variety of turmeric from various sources. Thus, an effective classification model of turmeric variety was obtained with the highest 100% sensitivity and 100% TA for a test set.
